In this paper, we restudy the spectral lag features of short bright gamma-ray bursts (T 90 < 2.6s) with a BATSE time-tagged event (TTE) sample including 65 single pulse bursts. The cross-correlation technique is adopted to measure the lags between two different energy channels. Meanwhile, we also make an investigation on the characteristics of ratios between the spectral lag and the full width at half maximum (F W HM ) of the pulses, called relative spectral lags (RSLs).
INTRODUCTION
The phenomena of short gamma-ray bursts (GRBs) remain more mysterious than those long ones until recently, owing to lack of more information about observations such as afterglows.
They have been found to be harder than long bursts in spectra (e.g. Kouveliotou et al. 1993; Hurley et al. 1992) . The spectra for both of them generally evolve with time (Liang & Kargatis 1996; Band 1997) . Most of long GRB pulses reach their maximum earlier in higher energy channels, called "hard-to-soft" evolution with positive spectral lags (Norris et al. 2000; Daigne & Mochkovitch 2003; Chen et al. 2005) , while the issue of short GRBs on spectral lags is still controversial, though some timescale analysis techniques (Scargle 1998; Liang et al. 2002; Li et al. 2004) have been employed to improve it.
The distribution characteristic of short GRB spectral lags had previously been explored by several authors. We can divided their viewpoints into two typical cases: one is that Norris et al. (2001 Norris et al. ( , 2006 found the time lags in short bursts was close to symmetric about zero and confirmed they could be negligible in statistics. Another is that Gupta et al. (2002) studied the lags with a sample of 156 short bursts and found that one quarter of the total had the negative lags, implying "soft-to-hard" spectral evolution. Recently, using a sample of 308 short bursts Yi et al. (2006) redo the analysis of time lags and conclude the sources with negative spectral lags are in the minority (only about 17 percent of sources in their sample locating at the side of negative lags). Hinted by the above opposite results, we thus want to research what the features of the spectral lags in short bursts should in essence be. To avoid the contamination of adjacent pulses by overlap, for which could inevitably produce additional errors owing to selection effects, we let the short bursts with single pulse construct our sample in order to calculate the unbiased lags accurately.
We have known in our recent work (zhang et al. 2006 , hereafter paper I) that the RSL of long bursts can be used as a good redshift estimator. Since pulse widths and spectral lags are approximately proportional to Γ −2 (Qin et al. 2004; Zhang & Qin 2005 and paper I) respectively, and the relationship of them with energy is roughly ∼ E −0.4 (Fenimore et al. 1995; Norris et al. 1996) , such definition of RSL enables us to eliminate the influence of lorentz factor and energy on the analysis of GRBs associated with spectral lags. Considering this virtue, we urgently wonder if the RSLs in short bursts are available for an estimator of redshift. Furthermore, we also expect this quantity could give us new insights into the nature of short bursts.
Consequently, we mainly put our emphases on the two below aspects: The first is to verify what the true distribution of short bursts on time lags ought to be; and the second is to examine the feasibility of short bursts as distance indicator. In §2 we give the data preparation; Definition and measure of the physical variables are shown in §3; We list our new results in §4 and end with a brief conclusion and discussion in §5.
DATA PREPARATION

Sample selection
Considering the duration attribute of short bursts, the high-resolution TTE data at 5 ms resolution are adopted to constitute our sample including 65 bursts. Meanwhile, the sample consists of single peaked bursts. The motivation of such selection is mainly relevant to the causality that spectral lag analysis is usually affected by both energy channel pair and time resolution, as well as the neighbor pulses due to overlapping effects. More detailed explanations for this can be referred to paper I. Consequently, the selection requirements in terms of above considerations are given as follows: T 90 duration < 2.6 s; BATSE peak flux (50-300 kev) > 2 photons cm −2 s −1 ; and also peak count rate (> 25 kev) > 14000 counts s −1 . Certainly, a bright-independent analysis is required as the burst duration measurement needs (Bonnell et al. 1997 ) and the signal-to-noise (S/N) levels are also taken into account, so that we can take more relatively accurate measurements of such variables as width and spectral lag of pulses.
Background subtraction
The first step is to select an appropriate background for substraction. In terms of the existing opinion (e.g. McBreen et al. 2001) , the median filter method is suitable to short burst data for background subtraction because of their special duration and background level. Firstly, the start and end times in each pulse are determined. The section involving pre-and post-pulse is generally regarded as background. With the median method, the corresponding median within the range of background data points is easily estimated. Secondly, the estimated value of background is subtracted from the whole original data. According to the foregoing methodology, we apply the same measurement to perform this analysis of subtraction for all four energy channels (channel 1, 20-50 Kev; channel 2, 50-100 Kev; channel 3, 100-300 Kev; channel 4, >300 Kev) respectively.
Denoising
After the background in each channel is subtracted the remaining data are also fluctuant because of the disturbance of noises. In theory, we must smooth these rough data in order to obtain the pure signal data for the sake of analysis. For one burst, we hence adopt the following model describing pulses' shape (Kocevski et al. 2003) to fit the disturbed data
where t m is the time of the maximum flux, F m , of the pulse and the quantities of r and d are next two parameters depicting the pulse shape. It has been known that the function is very flexible and powerful for a description of a single peaked pulse.
We find from this model that there are four fitted parameters. In fact, the exact function used to do the model fitting should include an additional free parameter, t 0 , denoting the start time of a pulse. The application of this zero parameter is advantageous to our analysis, because it can quicken the fit process and optimize the results. Once we have finished the disposal of noises, the original data are then refined into the usable signal data that can be utilized to calculate spectral lags and widths of pulses, as well as other physical quantities.
QUANTITY DEFINITIONS AND MEASURES
Spectral lag
To get the spectral lag, we cross-correlate variation signals in different energy channels j and k with the following cross-correlation function (CCF) (Band 1997)
where σ υ i =< υ 2 i > 1/2 , and i stands for the i th energy channel; τ is the general spectral lag between energy bands j and k, namely τ jk ; υ j and υ k represent two time series in which they are respective light curves in two different energy bands.
The value of τ jk is determined by the location of τ in which CCF peaks, because the CCF curve caused by smoothed signal data is considerably unfluctuating and resembles a gaussian shape near its peak on this occasion. If the data points around the peak are sparse enough, we interpolate them in its neighborhood in order to reduce the calculation errors.
Relative spectral lag
For long bursts, wider-pulse bursts had been found to preserve longer spectral lags (Norris et al. 2005) . This conclusion seems to be universal not only for long bursts but also for short ones. In addition, the same law about the relation of time lags to pulse width also seems to coexist between distinct energy channels within a burst. We thus are inspired to probe how the ratios of them evolve with energy and other relevant parameters with the variety of spectral lags and widths. For the purpose, unlike in paper I we redefine the quantity RSL as
where F W HM (k) denotes the full width at half maximum of time profile in the k th discriminator. From the definition, one could see τ rel,jk is connected with the pair of energy channels and indeed a dimensionless quantity.
Here, the values of the subscript k are assigned to be 1 and 2, while another subscript j denoting higher energy channel is taken as j ≡ 3. Although F W HM (k) are usually dependent of τ jk , the relationship doesn't influence our analysis on its credibility (see paper I). If only they are precisely measured, the corresponding RSLs can be well determined within a certain significance level.
RESULTS
After the subscripts in eqs. (2) and (3) are assigned as k = 1, 2 and j ≡ 3, combining eqs.
(1)-(3) we can then derive the quantities, such as the spectral lags (τ 31 and τ 32 ), the widths (F W HM (1) and F W HM (2) ) together with the RSLs (τ rel,31 and τ rel,32 ). In the following, we study the properties associated with the above quantities of short bursts and list our results contrastively. Besides, we give our explanations to them as possible as we can. In the case of single peaked short bursts, we make a plot in figure 1 in order to gain the spectral lag distribution, from which we find the lags have a distribution close to symmetric about zero. The distribution looks like a gaussian function outline. In order to prove this, we try to fit the distribution with a gaussian model and obtain χ 2 /dof = 1.5 with R 2 = 0.98, which indicates the spectral lags are indeed normally distributed with a higher confidence.
Additionally, we find from figure 1 that the number (∼ 40%) of short bursts with negative lags are slightly less than those with positive values.
It is well known that the white noises (random errors) can also lead to a normal distribution with the expectation value µ = 0. So, our task in this situation is to check if the gaussian distribution of the spectral lags is agreement with the distribution caused by noises taken as µ = 0 and σ = 0.1. Figure 2 shows the comparison between them. We apply a general K-S test to the two one-dimensional distributions. It is surprisingly discovered that they are in excellent coincident with each other with larger confidence probability P ∼ 0.82 and smaller K-S statistic D = 0.11. Furthermore, we find there are about 94% of total Observation (65) with K-S test D=0.11 and P=0.82 Figure 2 . Comparison between the distribution of spectral lags in short bursts and that of white noises. The sample size for both of them is equally 65. The former is marked with solid line and the latter is identified by dashed line. Symbols have been denoted in this plot.
sources having zero lag within 3σ fiducial limit. These results highly support the conclusion of a larger majority (90-95%) with naught lag drawn by Norris et al. (2006) .
The coincidental results demonstrate that the spectral lags of short bursts are so small that they are comparable with random errors. The reason the lags follow such a normal distribution is probably that the tiny lags have been hidden just inside the random error bars or their measurements are insufficiently sensitive to the responsibility of instruments, which in turn enables us to believe the lags should be intrinsic rather than extrinsic. Although statistical fluctuations can produce a normal distribution, the two indistinguishable distributions couldn't exclude the smaller lags in existence (Villasenor et al. 2005) if only lower energy bands (e.g. channel 1 or 2) are taken into account (Norris et al. 2006) , since the contribution of curvature effect to spectral lag in this case would cause longer decays in pulses then larger time lags.
Relations between τ and other parameters
To associate τ 31 with other parameters such as asymmetry (defined by the ratio of the rise fraction t r of F W HM of pulse to the decay fraction t d ), W (=F W HM), W 1 (=F W HM (1) ) and τ 32 , we display these relations in figure 3 and analyze them with a method of spear- Figure 3 . Correlations of τ 31 with asymmetry, W , W 1 and τ 32 respectively for short burst sample including 65 pulses. The sources are separated into two populations by the τ 31 = 0 (dotted line). One portion with positive value of lags locates on the right side of zero, while another with negative values lies on the left side of the zero. In panel (d), the solid line stands for the best fit to the relation between τ 31 and τ 32 as τ 32 /τ 31 ≈ 0.19 ± 0.04 with P ≪ 0.001.
man rank order correlation (see table 1), from which we see that except asymmetry other parameters are respectively correlated with τ 31 to a larger extent.
We explain the reason of no correlation between asymmetry and τ 31 to be a direct consequence of Doppler effect. It has been noticed that the dependence of t r and t d on the lorentz factor Γ is roughly ∼ Γ −2 (Zhang & Qin 2005) . Therefore, the ratio between t r and t d should be about a constant factor, having no relations with other parameters such as width and spectral lag of pulses. As is above-mentioned, the action of Doppler boosting is a leading impact on the observed widths and spectral lags. That is to say, widths and lags of pulses are almost entirely determined by the lorentz factor. Actually, Norris et al. (2005) had found that there weren't an association of width with asymmetry for GRB pulses. In panels (b) and (c), the widths (W and W 1 ) and the τ 31 are positively related for bursts with positive lags, while they are reversely correlated for ones with negative values. The opposite results As has been known that the widths and spectral lags of short bursts in comparison with those of long ones are usually smaller, however, whether or not the ratios of them also follow the same law is an urgent issue. Without losing generality, we choose the RSL τ rel,31 as the τ rel for this study. In answer to this question, we make a plot of this distribution in figure 4, where we find the RSLs are normally distributed with χ 2 /dof = 1.06 and R 2 = 0.99. The expectation value and the standard deviation are respectively µ = 0.082 and σ = 0.42.
It happens that short bursts behave similarly as long ones (see paper I) in distribution
of RSLs, except that they differ in aspects of deviation errors and expectation values. In evidence, the discrepancy in two classes directly originate from the fact that unlike short bursts most of long bursts exhibit "hard-to-soft" evolution with positive spectral lags. Moreover, we notice that the standard deviation of short bursts is about 10 times larger than for long bursts. If taking the 2σ sample RSL error as our confidence limit, we can then estimate the effective upper limit to be 2σ/ √ n − 1 ∼ 0.05, which is somewhat close to the value, 0.045, (Qin et al. 2004) , we can thus constrain the lower limit of ω as 2, on the assumption that lorentz factors and spectral lags are tied in the form of τ ∝ Γ −ω . It is interesting that the index ω in the same relationship for long GRBs other than short ones has an upper limit around 2. On this occasion, we propose that the steeper power law relation combining with Figure 5 . Correlations of τ rel,31 with asymmetry, W , W 1 and τ rel,32 respectively for short burst sample including 65 GRB pulses. The sources are divided into two populations by the τ 31 = 0 (dotted line). One portion with positive value of lags locate on the right side of zero, while another with negative values locate on the left side of the zero. The solid line in panel (d) represents the best fit to the relation between τ rel,31 and τ rel,32 as τ rel,32 /τ rel,31 ≈ 0.18 ± 0.05 with P < 0.001.
high lorentz factor as Norris et al. (2006) have suggested could cause the time lag of short bursts largely shorter than those of long ones.
As can be seen from panel (d), τ rel,31 and τ rel,32 are linearly related by τ rel,32 ∝ 0.18τ rel,31
with P < 0.001. If the result is compared with that from figure 3(d) , it will be observed that the two relations are fairly analogous. We think the reason for this is that the negligible differences of pulse widths between diverse energy bands could result in the similarity.
The associations of τ rel with τ
Our aim now is to examine what the connections between τ rel and τ across the same pair of energy channels should be. To obtain the features of the relations, we choose τ as τ 31 and τ 32 whose corresponding RSLs are τ rel,31 and τ rel,32 . In contrast, we display these relations in figure 6. At the same time, an analysis of correlation has been performed and given the results in table 1. From the chart and figure 6, we can reach a conclusion that τ rel and τ are strongly correlated for both cases.
As is shown in this diagram, the data are fitted with a model symbolized by the straight lines. The best fits are respectively written as τ rel,31 ∝ 3.37τ 31 (in panel a) and τ rel,32 ∝ 4.06τ 32 (in panel b) with probability P ≪ 0.001, which demonstrates that the two tight relations are much reliable. The one-to-one relation of τ rel with τ seems to indicate that τ rel,31 and/or τ rel,32 could be used as a redshift estimator with short bursts, owing to the fact that spectral lag τ had proved a useful indicator for long bursts (Norris et al. 2000) .
Fortunately, the RSL of long bursts, τ rel,31 , has been found to be a good redshift indicator (Zhang et al. 2006) . Therefore, in the following we want to verify if the τ rel,31 can also be applied to estimate the redshifts belonging to short bursts. Lee et al.(2000) has proposed that F p is often used as an effective indictor of distance to GRB sources. In that case, whether or not a quantity might be used as distance (or redshift) indicator is determined by the degree of correlation between it and F p . In principle, tight relationship between them implies that the quantity is appropriate to an available redshift estimator. To test it, we make a plot of F p vs. τ rel,31 in figure 7. Note that the data of peak flux are gotten from the current BATSE catalogue 1 .
Distance indicator
With an analysis of spearman rank-order correlation (see table 1), we can conclude that short bursts with positive spectral lags show a trend of anti-correlation between τ rel,31 and F p . However, there is no relation between them for those with negative value of lags. The inconsistent results reveal that only short bursts with "hard-to-soft" evolution could be used as a redshift estimator. From this viewpoint, GRBs can be reclassified based on the sign of spectral lags, namely their spectrum evolution characteristic. The reason in favor of this classification is that the fundamental physical processes dominating such two kinds of bursts might differ significantly. It's necessary to illustrate that such classification criteria is constitutionally different from that building on time durations (Kouveliotou et al. 1993; Horváth et al. 2006 ). In fact, Norris et al. (2006) have pointed out that the current taxonomy for the two classes based on duration is misleading in a sense.
CONCLUSION AND DISCUSSION
Our main conclusions in this work are as follows: Firstly, spectral lags of short bursts are normally distributed around zero, which cause them much negligible; Secondly, we interpret the tiny lags to be a consequence of Doppler effect, owing to high lorentz factor and large ω (ω > 2), on condition that we assume τ ∼ Γ −ω ; Finally, the short bursts with positive spectral lags are found to be suitable for a redshift estimator in cosmology.
The correlation between τ 31 and W for long and short bursts could be employed to limit their emission conditions. According to internal shock model, GRBs are generally produced by multiple relativistic shells (or wind) followed by internal shocks due to collision of them as a central engine pumps energy into medium (see e.g. Fenimore et al. 1993; Rees et al. 1994) . We have known the bulk Lorentz factor increases linearly with radius as long as the fireball is not baryon loaded and not complicated by non-spherical expansion (Eichler et al., 2000) until Γ ∼ 1000 (Woods et al. 1995; Ramirez-Ruiz & Fenimore 2000) . Subsequently, the motion of the shocked ejecta would be decelerated by the action of circumstellar medium (Huang et al. 1998 (Huang et al. , 2000 Piran 2005; Granot & Kumar 2006) . However, the existence of discrete emission regions with incompatible velocity cause the collisions between them more intense and random. On account of the collisions of these shells, the forward shock and the reverse shock could be expected to occur at some distance from the central source, for instance R ∼ 10 12−14 cm (Piran 1999) , and propagate into the relativistic ejecta. On this condition, short bursts with negligible spectral lags might take place. How to distinguish the negative lag from the positive one is decided by the mode of action of shocks on outflows.
Therefore, we expect short bursts with larger lorentz factors could occur at smaller distance from the center of sources so that their timescale in pulse may reflect the activity of central engine (Norris et al. 2006) . Naturally, long ones with lower Γ (∼ 10 2 , Zhang et al. 2005) might be deduced to take place in a relatively larger radius.
Although the short bursts with positive spectral lags could be a potential redshift estimator, its availability still requires a accurate calibration by many sources with known redshift.
Unfortunately, until recently there are a few short bursts (Berger et al. 2005; Hjorth et al. 2005; Bloom et al. 2006; Gehrels et al. 2005; Gladders et al. 2005; Gal-Yam et al., 2005) whose redshifts had been measured by SWIFT (Gehrels et al. 2004 ) and HETE-2 (Lamb et al. 2004 ). The observation on redshift seems to support the suggestions that at least a fraction of short bursts might originate in a low redshift (or local) universe (see also Ghirlanda et al., 2006; Tanvir et al. 2005; Fox et al. 2005; Magliocchetti et al. 2003) . However, at present the number of short bursts with measured redshift is insufficient for statistic analysis. On the other hand, with a MIT bag model Menezes et al. (2006) obtain energies of the order of 10 50 − 10 53 ergs for both long and short bursts, which demonstrates the redshift of short bursts is comparable with that of long bursts (see also Levan et al. 2006) . In this case, we expect the RSLs with positive values could be available for an effective tool to estimate the redshift of short bursts, once a tight relationship between τ rel,31 and redshift is found to be in existence. Using a similar distance marker arising from long bursts, Bertolami & Silva (2006a,b) had proposed a new method of studying the unification of dark energy and dark matter. What the results drawn with short bursts should be are unknown yet. In addition, we can have an opportunity to constrain the cosmological parameters in virtue of the short burst redshift/luminosity indicator as shown with long burst class by some previous authors (Xu et al. 2005; Liang & Zhang 2005; Wang & Dai 2006) . The key solution to these problems depends on much more observations of redshift with the ongoing satellites HETE-2 and SWIFT, which would show new lights on the nature of short bursts.
